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Abstract

Objective: To investigate the clinical and genetic characteristics of congenital glucose-galactose malabsorption (CGGM).
Method: Clinical manifestations and treatment Discuss of one patient with CGGM in our hospital in February 2024 were
retrospectively analyzed. Combined with literature search, and the clinical features of CGGM reported in litemtures were
summarized. Result: The patient in our hospital was a full-tem female infant. The onset of the disease was on the 3th day after
birth,and the clinical manifestations includeddiarrhea, watery stools, severe dehydration, hypernatremia, metabolic acidosis,
and 20% weight loss. After admission, dehydration, hypernatremia and metabolic acidosis were corrected after symptomatic
treatment such as intravenous fluid rehydration, but diarrhea did not improve, stool characteristics did not improve, and weight
gain was poor. The results of whole gene exon examination showed two mutations in SLC5A1 gene: ¢.1467 (exonl13_c.1478
(ex on13) delGATCCTAGGACT, ¢.1228 (exonll) T>A, which confirmed cGGM. After diagnosis 52 days after birth, she was
fed with special formula (galactomin 19) supplemented with fructose, and diarrhea stopped. 80 days after birth, the child
weighed 45009, length 56cm, growth significantly improved, stool characteristics normal. Literature search PubMed,
CNKI.com, Wanfang database, a total of 9 case reports with clinical data and gene mutation analysis were retrieved, and a total
of 20 cases of glucose/galactose malabsorption were reported. The main clinical features were diarrhea, hypernatremia,
dehydration and malnutrition. The effect of feeding carb free formula or fructose matrix formula was satisfactory, the physical
development and nervous system development were normal. Conclusion: CGGM is a rare disease, which can occur in the
neonatal period, mainly manifested as repeated diarrhea, watery stool, and often accompanied by severe hypertonic
dehydration, hypernatremia and other complications. CGGM can be clearly diagnosed by SLC5AI gene detection and typical
clinical manifestations, and fed with special formula supplemented with fructose (galactomin 19) with satisfactory efficacy.
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1. Introduction

Congenital glucose-galactose malabsorption [1] (CGGM) and galactose, normal absorption of fructose and xylose,
is a rare autosomal recessive genetic disorder, caused by  impaired absorption of glucose and galactose, altered osmo-
transport defects in the transmembrane transport of glucose larity in the intestine, increased intestinal fluid, presence of
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watery diarrhea, severe dehydration, even life-threatening,
the SLC 5A1 gene is chromosome 22 [2]. CGGM usually
begins in the neonatal period, and its clinical manifestations
are severe watery diarrhea and hypertonic dehydration in the
early postnatal period, resulting in severe dehydration and
malnutrition, even death [3, 4]. According to the published
literature, few cases of CGGM were reported. A case of
CGGM was 2024 in our hospital in February, and the related
literature was reviewed. The present report is as follows to
improve the understanding of the clinical and genetic fea-
tures of CGGM.

2. General Information

2.1. Clinical Data

A four-day-old girl, presented in the neonatal intensive
unit of Zhengzhou People's Hospital because of Diarrhea two
days. The patient was the first child born at 37 weeks of ges-
tational age, with a birth weight of 2600g and no history of
birth asphyxia. Mixed feeding after birth, self-sucking good.
Diarrhea two days ago, yellow-green watery stool, mucus,
eight times a day, with little urine. No family genetic disor-
der, healthy parents, non-consanguineous marriage. Admis-
sion physical examination: weight 2075g, poor mental reac-
tion, severe dehydration appearance, poor skin elasticity,
Bregma depression. Sunken eye sockets, no tears when cry-
ing, thin subcutaneous fat. There was no resistance in neck
and no abnormality in heart and lung auscultation. Ab-
dominal depression, not palpable mass, liver and spleen
without swelling, bowel sounds hyperactivity. The muscle
tone and primitive reflexes of the limbs were normal. Blood
Gas Analysis: PH 7.28, PCO2 32.7mmH, BE -10.6mmol/L,
lac3.8mmol/l.  Electrolytes: Na+175 mmolL/L, K+
5.28mmoL/L, HC03-15.3mmoL/L. Blood routine,
high-sensitivity C-reactive protein (CRP), peripheral blood
cell morphology, liver and kidney function, blood culture,
stool routine + occult blood, stool culture were normal. The
results of urine organic acid and blood hereditary metabolic
disease were all non-specific changes.

2.2. Diagnosis and Treatment

After admission, fluid replacement was given to correct
dehydration, Metabolic acidosis and electrolyte disorders.
The child's dehydration was obviously improved and his
weight gradually increased. on Day 2 of admission blood gas
analysis: pH 7.36, BE "10.6mmol/L, lacl.4mmol/l, Na*173
mmoL/L, K* 5.0mmoL/L, HCO; 15.3mmoL. three blood gas
analysis of the third day: pH 7.35, BE 9.8mmol/L,
lacl.4mmol/l, Na'167 mmol/L, K" 4.61mmol/L, HCO;
14.6mmoL; Sodium, potassium and BE returned to normal
on the 7th day, and body weight was 23459 on the 7th day.
However, diarrhea did not improve, had been given a deeply
hydrolyzed protein lactose-free formula, lactase, still thin
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water stool, 6 -8 times a day, Suspected CGGM, We adviced
to have a gene testing. Lack After discharge, the patient suf-
fered from poor feeding, diarrhea and abdominal distension
again. He was treated in Henan Children's Hospital by fluid
replacement and acid rectification, and was replaced by
amino acid milk powder. With the first affiliated hospital of
the College of Chinese medicine for Chinese medicine
treatment, still ineffective. of testing equipment, unable to
perform intestinal biopsy; relatives hospitalized for ten days
to discharge.

2.3. Analysis of Genetic Results

In order to confirm the diagnosis of CGGM and the altera-
tion of gene loci, the blood samples of the patients and their
parents were sent for whole-exome sequencing (completed
by Beijing full-spectrum medical laboratory). The results
suggested that there was a chromosome 22 at position
1467-1478 in the coding region and a loss of heterozygosity
in the gene SLC5A1, this locus is a new deletion that has not
been reported before. It is a heterozygous deletion in the
SLC5AL1 gene in the mother of the patient, and it is normal in
the father of the patient. The patient had a heterozygous mu-
tation in the chromosome 22 SLC5A1 gene with a mutation
at 32487697. The 1228-base T mutation in the coding region
of the gene was a, which was a new mutation that had not
been reported, the father had a heterozygous mutation in the
SLC5A1 gene, while the mother had a normal SLC5A1 locus.
In line with autosomal recessive inheritance, CGGM
(OMIM606824) was diagnosed at 53 days after birth as con-
genital glucose-galactose malabsorption and was fed with a
special fructose-containing formula (Nutricia, Galactomin 19
formula) produced in Nutricia, Europe, the character and
frequency of defecation were obviously improved, and the
weight was increased. The 25th and 22nd percentiles of body
length and body weight of normal children of the same age
were followed up for 2 months. The diagnosis of CGGM was
made based on the child's medical history and the results of
genetic testing.

3. Literature Review

Using the keywords of “Congenital malabsorption of glu-
cose galactose”, “Hyperosmolar dehydration” and “Diar-
rhea”, we searched the domestic WANFANG data and
knowledge service platform and the China Journal full-text
database (established until May of the 2024), at present,
there are five CGGM reports in China. PubMed was
searched with the keywords of “Congenital glu-
cose-galactose malabsorption”, “Hypertonic dehydration”
and “Diarrhea” to find thirty-eight related articles, a total of
twenty patients. The age of onset ranged from three to twen-
ty-nine days (mean 12.6 days), including nine males (45%)
and eleven females (55%). Clinical features: thirteen cases
(65%) were diagnosed within seven days, seven cases (35%)
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were diagnosed within seven days, twenty cases (100%)
were diagnosed as diarrhea, twenty cases (100%) were diag-
nosed as dehydration, fifteen cases (75%) were diagnosed as
malnutrition, eight cases (40%) were diagnosed as hyper-
natremia, six cases (30%) were diagnosed as acidosis, four
cases (20%) were diagnosed as renal damage (Renal tubular
acidosis, renal stone or renal calcification) and three cases
were not described. Treatment: nine cases (27.1%) were fed
with fructose-based formula, eight cases (22.9%) were fed
with carbohydrate-free formula, and three cases were not
described. Prognosis: fourty-eight patients (100%) survived,;
seventeen patients (75%) had normal weight gain, two pa-
tients (10%) had abnormal weight gain, and 1 patient was
undescribed; ninteen patients (95%) had normal neurologic
development, and one patient was undescribed.

4. Discussion

CGGM was first reported by Lindquist in Sweden in 1962
[5], and more than three cases have been reported worldwide
so far. At present, there is no relevant data on the incidence
and epidemiology, and there is no significant difference be-
tween the incidence of men and women. Some studies have
shown that the incidence of the disease is high in areas with
high rates of consanguineous marriage, such as Arabia [6, 7],
indicating that the disease is an autosomal recessive inher-
itance. CGGM is caused by a structural and functional defect
in the sodium-dependent glucose transporter 1 on the brush
border of the small intestinal mucosa, where glucose and
galactose are not normally absorbed in the gut and accumu-
late in the lumen to produce large amounts of lactic acid,
causes acidic watery stools, which in turn can lead to hyper-
natremia, hyperosmolar dehydration, Metabolic acidosis, and
malnutrition, and can result in death from hypovolemic
shock if left untreated [8] Children may also present with
abdominal distension, vomiting, excessive bowel sounds,
hyperchloremia, hypercalcemia, renal diabetes, and other
symptoms such as renal calcinosis [9-11].

The clinical manifestations of CGGM were severe diar-
rhea in most of the infants within four days after birth, and in
a few of them the onset was delayed to the second week after
birth [12]. Children with diarrhea after feeding, dehydration
and malnutrition, often abdominal distension and vomiting.
Diarrhea is watery stool with obvious sour odor, which is
easily misdiagnosed as congenital rectourinary fistula. Se-
vere complications such as hypernatremia, hyperosmolar
dehydration and Metabolic acidosis can occur in children in
the short term [13]. The children may have different clinical
manifestations, but almost all of the different manifestations
come from the nutritional metabolic disorders caused by
sugar absorption disorders, symptoms such as malnutrition,
weight loss, diarrhoea, thrombocytopenia and brain edema.
The children may have different clinical manifestations, but
almost all of the different manifestations come from the nu-
tritional metabolic disorders caused by sugar absorption dis-
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orders, symptoms such as malnutrition, weight loss, diar-
rhoea, thrombocytopenia and brain edema. It has also been
reported that children with CGGM have complications such
as kidney stones, rickets, diabetes, hyperbilirubinemia, Renal
tubular acidosis, etc[14-16]. The patient developed typical
watery diarrhea, dehydration and hypernatremia on the sec-
ond day after birth. The condition of the patient could be im-
proved rapidly after the electrolyte disturbance was corrected by
fluid replacement, there was no significant effect on feeding
with deep hydrolyzed protein lactose-free formula, which ac-
corded with the clinical manifestation of the disease.

Because CGGM is rare in clinic and there are few related
cases in China, the clinical manifestation is not typical,
which brings some difficulties to early diagnosis. Children
with chronic watery stools, Metabolic acidosis, hyper-
natremia and hyperosmolar dehydration should be consid-
ered for possible CGGM when conventional therapy is inef-
fective. The diagnostic criteria of CGGM were [17]: diarrhea
occurred shortly after birth; fecal characteristics: including
electrolytes, decreased PH, reducing substance positive and
FAT; lactose-free and amino acid-free milk powder could
not improve symptoms; the diarrhea was obviously improved
when the milk powder without glucose and galactose was
changed into the original milk powder, the diseases such as
infection were excluded. The following tests are required to
confirm the diagnosis: hydrogen breath test in which hydro-
gen in the breath is collected within 4 hours after oral ad-
ministration of glucose or galactose (2 g. kg ™), with the final
peak concentration exceeding twenty ppm of baseline hy-
drogen, however, it is difficult to implement in infants;
monosaccharide challenge tests: the blood glucose response
curve is flat after oral glucose and galactose, whereas blood
glucose rises markedly after oral fructose and xylose [18],
but results are influenced by multiple factors; duodenum
biopsy and detection of disacylase activity: the results are
reliable but invasive; genetic diagnosis: detection of homo-
zygous or compound heterozygous mutations in SLC5A1
gene by high-throughput sequencing is helpful for definitive
diagnosis. CGGM is a rare dominance. SLC5A1, a fif-
teen-exon chromosome 22 gene, is located on the long arm
(22913.1) and is about 73 kb in length. It encodes a
664-amino acid protein. SLC5A1 mutations include insertion
mutations, Missense mutation mutations, nonsense mutations,
small deletion mutations and splice site mutations. These
mutations produce nonfunctional proteins, SGLT-1 protein
breaks, and can not be expressed on the cell membrane, re-
sulting in abnormal membrane transport of glucose and ga-
lactose, and large amounts of undigested sugars and electro-
lytes into the colon, causes osmotic diarrhea and severe de-
hydration [19]. First-generation sequencing revealed a chro-
mosome 22 at 32498026-32498037, between 1467 and 1478
in the coding region of the SLC5A1 gene, and a loss of het-
erozygosity in the SLC5A1 gene of the mother, the father of
the child had a normal locus for this gene, which was a new
deletion that had not been reported. The chromosome 22
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SLC5A1 gene is a heterozygous mutation with a mutation at
32487697 and a mutation at 1228 base T in the coding region
of the gene. The father of the child has a heterozygous muta-
tion in the SLC5A1 gene, the mother of the patient had a
normal locus, which was a new mutation point that had not
been reported.

In addition to symptomatic treatment such as parenteral
nutrition, fluid replacement and correction of electrolyte dis-
orders, the most important treatment of CGGM is to avoid
the intake of food containing glucose and galactose, add
fructose to your diet for energy and carbohydrates. Special
formulas currently available are mainly fructose-containing
Galactomin ninteen from Neucia Europe and carbohy-
drate-free formula from Abbott Abbott USA. In addition, pay
attention to vitamin D and calcium supplements, reduce the
risk of malnutrition. The tolerance of the intestine to glucose
and galactose can be gradually improved with the growth of
children's age. After one year of age, trace amounts of essen-
tial foods containing glucose and galactose can be added, and
then intestinal tolerance can be observed by evaluating stool
traits and frequency to determine whether glucose and ga-
lactose can be added. At the same time, body mass growth
should be closely followed throughout the treatment period.
Excess fructose can lead to obesity and hypertriglyceridemia,
fructose promotes hepatic lipogenesis by overproducing ac-
etyl-coa and glycerol 3-phosphate and is associated with
postprandial hypertriglyceridemia, leading to hepatic steato-
sis, insulin resistance, and Hyperuricemia [20]. Because the
glucose and galactose intolerance in children with CGGM is
expected to improve with age, it can be diagnosed and treat-
ed early in the neonatal period to avoid death, the prognosis
is better. The patient was fed with Galactomin 19 special
formula supplemented with fructose. The body weight, body
length and head circumference were all increased satisfacto-
rily, but the nutrition management was still a long process.

5. Conclusion

CGGM s a rare genetic disease. Early diagnosis and diet
management can improve the prognosis of children with
CGGM. Molecular genetics testing is the definitive diagnos-
tic tool, early genetic testing is needed in children who pre-
sent clinically with watery stools, Metabolic acidosis, hy-
pernatremia and hyperosmolar dehydration. In this study, a
child with CGGM was diagnosed by whole-exome sequenc-
ing technique, which supplemented and enriched the muta-
tion spectrum of SLC5A1 gene, provided sufficient theoreti-
cal basis for clinical intervention and treatment, and also
provided genetic counseling for the future, antenatal screen-
ing provides the basis.

Abbreviations

CGGM  Congenital Glucose-galactose Malabsorption
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